For over 30 years, psychologists have relied on computers to teach experimentalpsychology. One of the latest adaptations of teaching with computers is that a wide range of educational software is available on line via the WorldWide Web (WWW). This article is about the need for evaluation of student learning in the age of the Internet. Experiment generators that are delivered via access from a remote Web site are now becoming standard practice. But evaluation has not kept up with the changes made in teaching as a result of this new practice. From the first semester of laboratory skills training, students need to be both computer and Web literate. It is clear that computer literacy benefits student learning of laboratory skills. But do Web literacy and network-based software provide additional benefits or costs to that learning?
Experiment generators have revolutionized the ability of students to conduct elegant replications and extensions of published research. They allow students to create sophisticated experiments by using mainly preprogrammed but flexible templates. Web-based experiment generators come from off-site servers, whereas lab-based generators are local and stand-alone. The delivery system of the software is an obvious difference, but it is not the main one in terms of pedagogy. Net-based software forms a new generation of products available anywhere and anytime there is a computer with a link to the WWW. These programs have generally not undergone the type of formative and summative evaluations of their predecessors, so it is unclear how Net-based programs may have changed student learning. The purpose of this paper will be to discuss networkbased and stand-alone experiment generators and to call for more systematic evaluation of their teaching effectiveness.
The Beauty of Experiment Generators
Instructional software makes the human teacher more important, rather than less. Proctor and Capaldi (2001) have called for better ways to teach science and laboratory skills to psychology students. It is clear to researchers, but not to students, that science is more than a straight path from data to conclusions. Science is a dynamic process with much trial and error. Experiment generators are perfect for demonstrating the finesse involved in creating good designs and testing research questions. Proctor and Capaldi refer to the Duhem-Quine thesis that states that there are many question points under test, in addition to the hypothesis itself. For example, the reliability of the testing equipment or some other aspect of the methodologyis also being tested. Experiment generators provide a number of alternative courses of action to the replication design, thereby making them ideal for demonstrating the DuhemQuine thesis to students. Both Net-based and stand-alone experiment generators encourage students to think about method along with theory. But only sound evaluation research will indicate whether any given piece of software does this well. The next section tracks the history of one stand-alone and some early Net-based experiment gener-Teaching psychology as a laboratory science in the age of the Internet SARAH RANSDELL Florida Atlantic University, Ft. Lauderdale, Florida For over 30 years, psychologists have relied on computers to teach experimental psychology. With the advent of experiment generators, students can create well-designed experiments and can test sophisticated hypotheses from the start of their undergraduate training. Characteristicsof new Net-based experiment generators are discussed and compared with traditional stand-alone generators. A call is made to formally evaluate the instructional effectiveness of the wide range of experiment generators now available. Specifically, software should be evaluated in terms of known learning outcomes, using appropriate control groups. The many inherent differences between any two software programs should be made clear. The teacher's instructional method should be fully described and held constant between comparisons. Finally, the often complex interaction between the teacher's instructional method and the pedagogical details of the software must be considered.
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An Early Lab-Based Experiment Generator
In 1979, one of the first experiment generators, Laboratory in Cognition and Perception, was created by a former president of the Society for Computers in Psychology (SCiP), Michael Levy. It originally ran in BASIC on a DEC PDP-11 platform and arose out of need for students to easily create high-quality data. With experiment generators, students could spend less time on programming and instrumentation concerns and more time on design issues and learning to write research reports in American Psychological Association (APA) style. Another former SCiP president, N. John Castellan, was Psychology Series Editor for the publisher of this and many other early instructional software programs, CONDUIT. CONDUIT's mission was to peer-review every piece of software for scientif ic soundness, pedagogicalexcellence, and programmatic robustness. Evaluation was central to the beginnings of instructionalcomputing,because everythingwas new. Everything is new again because of the advent of Net-based software. The procedure has not changed. In fact, an article published almost 2 decades ago is still timely on evaluating, selecting, and introducing educational software (Castellan, 1986) .
Evaluation Research: Part of the Key to its Success
Lab in Cognition and Perception v2 was awarded Best Psychology Software in 1989 by EDUCOM/NCRIPTAL in their Higher Education Software Awards Competition, sponsored at the time by IBM. It won, in part, because it was one of the first to have its external and ecological validity formally evaluated in an instructionalsetting (Ransdell, 1993) . The latest version (see Levy & Ransdell, 1999) of it is available at http://www.psychologysoftware.com. More recently, Maki and Maki (2001) have provided an exemplar formal evaluation of a quizzing system delivered via the Web. Formal evaluation indicates the extent to which students are learning effectively. The effectiveness of any classroom or laboratory computer activity depends on how the inclusion of software, as well as the evaluation process itself, changes the entire instructional process. Ransdell found that computer instruction was rated more highly by students than was an equivalent lecture in terms of its ability to increase classroom participation and involvement. But the lecture was rated more highly than computer instruction in terms of the amount of information covered, because computer activities often led to a higher density of information than students were comfortable receiving. All software, whether Net-based or stand-alone, will need to undergo formative and summative evaluation to determine whether student learning is being maximized. Formative evaluation takes place during the development of software. Summative evaluation is carried out to determine the utility of the software for a particular purpose in a particular instructional setting.
Some Early Net-Based Experiment Generators
Contrast this stand-alone experiment generator with a Net-based experiment generator called WEXTOR (Reips, 2000) . HTML (or Java) could be considered the virtual "platform" of this type of WWW-based system, rather than any specific machine. A pervasive problem with all software is the need to constantly revise to keep up with changes in hardware and operating systems. Net-based programs now move this problem to a new arena: browsers. WEXTOR is flexible because it dynamically creates customized Web pages and Javascripts needed for many different kinds of experiments. For most students, that range of use comes at the cost of considerably more time spent learning how to navigate the software. In fact, a second purpose of WEXTOR is for experienced researchers to use it as a programming tool. Reips and Neuhaus have not yet formally evaluated the teaching software. But other information on WEXTOR is available via the Web site http://www.genpsylab.unizh.ch/wextor/index.html.
A second Net-based experiment generator, PsychExperiments, was created in 1996 by Ken McGraw with funding from the U.S. Department of Education's Fund for the Improvement of Post-Secondary Education program. The site is available at http://www.psychexps.olemiss.edu. The site consists of a set of interactive experiments, a cumulative data archive, download utilities for both data and experiment source code, downloadable Excel macros for analyzing data, and support materials for those who want to use and/or develop experiments at the site. PsychExperiments has features that it shares with many other Netbased programs, such as convenience, large datasets, fast data collection, cost savings, and alterable programs, but unfortunately, formal published evaluations of student learning outcomes have not been conducted to date.
A third Net-based experiment generator-originally, Internet Psychology Laboratory and now ePsych-was created by Len Trejo and Gary Bradshaw and is available at http://epsych.msstate.edu.Bradshaw is currently investigating the impact that interactive demonstrations, rather than passive ones, have on learning about psychological concepts, but so far, no published research is available. But rather than simply comparing and contrasting Net-based and stand-alone software, it is probably best to assess when Net-based software is preferable and when standalone better meets student learning needs. It is a healthy and inevitable development that instructional software is available in new ways in the age of the Internet, but it must be evaluated. Method of delivery, Net or lab, will likely covary with other factors that are changing in instructional software design. But at present, there are very few formal evaluations that could serve as guides.
Experiment Generators for Research
Instructional techniques often follow from research trends, and the advantages and disadvantages of Netbased experiment generators for research can yield useful information for generators used in teaching. The first Web experiment to appear in a scholarly journal was by another former SCiP president, John Krantz, and his colleagues in 1995 (Krantz, Ballard, & Scher, 1997) . Net-based experiments now number in the hundreds, with average sample sizes of around 400 participants (Musch & Reips, 2000) . In fact, increased sample size and statistical power was the number one reason that experimenters in a survey said they conducted a Web experiment (Musch & Reips, 2000) . The number one problem from the same respondents was the issue of the lack of control over the participant's behavior and motivation and the inability to address the participant's questions (Musch & Reips, 2000) . Experiment generators will likely continue to be improved as research tools through the peer review process. On the other hand experiment generators need to be given a rigorous evaluation as teaching tools, to determine their relative strengths and weaknesses in aiding student learning. (2000), that looks specifically at how stand-alone and Net-based research software may differ from one another. In this book, Krantz and Dalal (2000) conducted a meta-analysis and found remarkable congruence between lab-and Net-based results across 20 studies. But they point out that the means to the data follow different routes. For example, Reips (2000) described the ways in which Web experimental methods differ from traditional lab methods. The most obvious advantage of Net-based experiments is relatively easy access to diverse research participants and, potentially, very large sample sizes, with resulting high statistical power. Another advantage is that Internet space brings the experiment to the participant with considerable cost savings over lab-based experiments. Internet-based programs tend to cover a wider range of fields in psychology, although there is still an emphasis on cognition and perception. There are now many paradigms available in social psychology, decision making, and other historically less well represented areas.
Potential disadvantages of relying on Net-based experiment generators are the possibility of multiple submissions, the lack of situational control, self-selection (including a diminishing but persistent gender gap), and drop out rate. When timing of responses is essential, Net-based programs can raise problems. The timing problem is not just about taking an action when the user times out. The more critical issue has to do with millisecond resolution for controlling displays and collecting response latencies. Reips (2000) provided many solutions to the first of these problems, such as characteristics-dependent redirecting that displays different Web pages, depending on earlier entries, and time-dependent redirecting that allows participation only during certain time periods. Reips also described a way of countering dropout in Web experiments by implementing a warm-up phase before the point of random distribution of participants to conditions and through the use of a high entrance barrier technique used to provoke early dropout from less serious participants. One thing that is absent from Reips's discussion is the issue of evaluation, perhaps because he is focusing on experiment generators as research, rather than as teaching tools. One must be prepared to evaluate them as rigorously as one would evaluate any type of educational software.
The Potential of Net-Based Experiment Generators
Net-based experiment generators must be shown to provide adequate methodological control for the savings in time and money involved. New uses of Net-based generators should be promoted to give them a larger number of tangible advantages over experiments generated in the lab. For example, one can now archive large amounts of participants' data from many different classes and laboratories and make them available for anyone to access and analyze. This could revolutionize scientific investigation,as well as the teaching of laboratory skills to future psychology students. PsychExperiments by McGraw and Laboratory in Cognition and Perception both offer this archiving feature through a cumulative database of anonymous results that can be accessed or contributed to by any person using the software. McGraw also includes IRB information for instructors and students about ethical treatment of participants, including archival ones.
But as the developer of CogLab, Greg Francis, noted, there is potentially a great deal of variability across "replications" of even the same experimental design. Different computers are used with different monitors, and students have different motivation levels and interpretations of the instructions, to name a few concerns. This is, after all, the main reason that experimental laboratories exist, so that variability is minimized and the experiment controlled. But within a teaching environment, it still might be useful for students to be able to e-mail one another across the globe and even compare data. Francis also points out that students may get a better feel for the experiment and the data when comparing their own performance with that of the local group, particularly for more robust results. When results are relatively robust across replications, students may benefit the most from direct comparisons across data sets. With all experiment generators, the student has a personal connection with the data because they themselves and their classmates generated them. Taking ownership of research findings may be one of the best outcomes of any laboratory-based educational experience.
From T-Scope to Web Site
Students of the 1970s spent a great deal of time preparing tachistoscopes and other pieces of mechanical equipment in order to learn how to conduct experiments. Students of the 1980s could "parachute" right into the first trials of an experiment and spend much less time with mechanical details or programming when they used the early experiment generators. Students of the 21st century face a new transition. The modern psychology student can now use very powerful Net-based experiment generators that look and feel like the kind of Web-based interfaces they use for entertainment. Computer phobia has all but disappeared. But with many of these generator programs, students must spend a great deal of time setting up the experiment before they can begin the first trial. The traditional stand-alone generators, such as Laboratory in Cognition and Perception, have a less steep learning curve because they include a smaller set of paradigms. The student can then create an experiment of his or her own design by making a few simple choices. Evaluation research will need to weigh the strengths of powerful but difficult-to-learn programs against those of less powerful but easier-to-learn ones.
Federal Funding Initiatives Made It Possible
Federal organizations have made it possible for scientists to keep up with technological changes. There was a tremendous impact of the NSF Division of Undergraduate Education (DUE) Instrumentation and Laboratory Improvement (ILI) Grants Program on all forms of instructional computing. In fact, there are many who use educational software today that owe their start in academic computing to this program. Seed money was allocated to 4,700 grants in the first decade alone. Established in 1985 as the College Science Instrumentation Program (CSIP), it later became the Instrumentation and Laboratory Improvement program and is now a program track in Course, Curriculum, and Laboratory Improvement (CCLI). It can be accessed at http://ehr.nsf.gov/ehr/due/programs/ccli/. CCLI currently has three program tracks, called Educational Materials Development (including formative evaluation), Adaptation and Implementation (including summative evaluation), and National Dissemination (including publications of evaluations). NSF's DUE and the infrastructure for the Behavioral and Social Sciences, have provided the most substantial and sustained support. The most recent new source of support is the Interagency Education Research Initiative that is jointly funded and administered by the Department of Education (Office of Educational Research and Instruction, OERI), NSF, and NICHHD.
SCiP itself was first funded by the NSF Office of Computing Activities in 1971 as the National Conference on the Use of On-Line Computers in Psychology (NCUOCP), which was changed to SCiP in 1982. The phrase "for the use of on-line" was needed at the time because computers were often also viewed as off-line systems, simple number crunchers. Donald Tepas was the first president and organized the funds for the new society. When asked to say how things have changed since he was president of SCiP in 1971, he remarked that students have changed. Tepas believes that today's students want to be entertained more than they want to be educated. Perhaps this is part of the potential of experiment generators, because they originate from the same source as many entertainment products, the Web. Students are entertained by the Internet and are familiar with navigating it. But Dr. Tepas questions where the hard data is regarding how such "entertainment devices" can increase the breadth of meaningful knowledge exposure, develop cognitive ability, and improve longterm retention.
The Outcome of Experiment Generators: Better Laboratory Skills
The APA has recently investigatedthese questions about the use of technology in teaching psychology. The APA Board of EducationalAffairs, Technology Working Group, is developing recommendations for education and training in technologyfor psychology courses. The Board's goal is to identify those technological competencies that psychologists consider appropriate and beneficial for students to have acquired by the end of each stage of their psychology education. In other words, what should students know about technology, and what should they be able to do using technology? Each question was asked for first 2 years of undergraduate training, for the last 2 years, at the end of graduate education, and on the job. The APA has posed the following question: "What technological skills do students need to know"? Laboratory skills to be learned in undergraduate training in psychologyinclude at least five basic areas of training, all of which should serve as outcome variables in evaluation research: research methods (especially experiment generation), computer-based statistical analysis, writing and reading research reports in APA style, electronic searching of research citations, and general familiarity with psychology-related information on the Web. What all of these laboratory skills share is the need to understand concepts. A scientist needs to know why he or she is performing a given task and what data he or she expects to collect. Without the appropriate evaluation of Internetbased experiment generators as learning tools, it will be difficult to assess whether students learn these lab skills as well as, differently than, or better than they do with other means of instruction.
Computers have been essential to teaching these laboratory skills. But they have also served as metaphor. Cognitive psychology, in particular, has been like many other sciences that have used existing technologyas a model for theory development. This makes new technology even more important, because of its potentially dual role in impacting our students and the formulation of our research ideas. Dimensions of Internet Science was published in 2001 by Reips and Bosnjak. Internet science studies the Web as an instrument for, and an object of, scientific investigation. It is possible that this new field will provide new metaphors. Internet-based experiment generators are replete with metaphorical space-that is, a virtual main or waiting room, virtual experimental laboratory rooms, and archives. Future evaluation research will yield answers to questions of how well the Web provides new metaphors, as well as a new platform for student learning.
Finding High-Quality Experiment Generators
How does one find high-quality and empirically tested experiment generators and other psychology resources? First, there must be published evaluations of all forms of instructional software, including those newly available via the Web. Second, tools are needed for informally evaluating Web sites. Psychology Resources on the Web (1999), by Edward Kardas, provides useful information about working one's way through the sea of information available. His previous book had a very precocious name for 1986; it was called Using the Internet for Social Science Research and Practice. It remains quite an understatement to say that there is difficulty finding high-quality URLs, and this book helps. The 1999 book presents questions to ask when evaluating Web resources. The main questions to ask are the following. Does the material appear to be carefully generated and accurate? Who, and of what caliber, is the author? Is the material presented in an objective way? Is the material up to date? Is the information complete and well organized? Kardas also points out that all Web information should be checked against peerreviewed information published in traditional media. Professors will obviously be better able to address these questions than will students and will need to guide them. Again, computer technologymakes professors more, rather than less, important. Information about the book can be accessed at http://www.brookscole.com.
Trends in Experiment Generator Development
There is now an interesting trend in experiment generator software development and management. Individual investigators simply do not have the time to spend on keeping them up to date, documented, and so forth. Textbook publishers and universities are finally starting to see the added value of educational software and have decided to start maintaining professor-generated programs on their own servers. For example, a mainly research-oriented product called E-Prime began with a psychology professor, Walter Schneider, and then was commercially developed with the help of a Small Business Initiation Research award from NSF. The experiment generator can be accessed at http://www.pstnet.com/index.htm, and the NSF Small Business program can be accessed at http://www.eng.nsf. gov/sbir/.
As another case in point, the Internet-based experiment generator CogLab was initially funded by NSF to Greg Francis, a psychology professor and software developer at Purdue University (see Francis, Neath, & Surprenant, 2000; Stevenson, Francis, & Kim, 1999) . Recently, CogLab has become available as a downloadable set of prepackaged experiments from a traditional publishing company. Coglab can be accessed at http://coglab.wadworth. com/. NSF also funded Len Trejo and Gary Bradshaw to create Internet PsychologyLaboratory (IPL; http://kahuna. psych.uiuc.edu/ipl/) but since the University of Illinois owned the copyright to it, Bradshaw has created another experiment generator, ePsych, which can be accessed at http://epsych.msstate.edu. Both ePsych and the IPL provide lessons, demonstrations, and experiments that are available to students using remote Internet.
A Call to Evaluate Instructional Software
In conclusion, a call is made to all those who generate or use experiment generators to conduct evaluations of the instructional effectiveness of their programs, relative to other forms of instruction. N. John Castellan was right almost 20 years ago when he said "that how the instructor uses educational software determines student learning as surely as the software itself does" (Castellan, 1986, p. 255) . This article is an appeal not only to use experiment generators to teach psychology as a laboratory science, but also to conduct evaluations of its success in terms of student learning.
Specifically, experiment generators must be evaluated in terms of known learning outcomes, such as conceptual understanding of the experimental method, how method interacts with theory and with hypothesis testing, the appropriate choice of statistical analysis given a particular method, and the ability to interpret data in graphical and textual form. Evaluation research must use appropriate control groups. A simple comparison of experiment generator software with lecture-only coverage is insufficient. Likewise, a comparison between stand-alone and Netbased experiment generators will require much explication of the many inherent differences between any two software programs that are being compared. A Hawthorne effect is always possible, perhaps particularly so with the alluring interfaces available via the Internet. The teacher's instructional method must be fully described and held constant between media, such as software on the Web or in the lab. Finally, the complex interaction between the teacher's instructional method and the pedagogical details of the software being evaluated must be made explicit. When sufficient evaluation research is published, especially for the new breed of Net-based experiment generators, we will all be in a better position to use them effectively to increase student learning.
